The effects of dietary extruded linseed (ELS):walnut meal (WM) mixture (8:1) on some plasma parameters and intestinal health in weaned piglets was investigated. Forty piglets (Topigs hybrid; body weight BW=8.02±0.82 kg), age 30±3 days, were divided into 2 groups and fed 2 diets: control (C, based on corn-triticale-soybean meal (SBM)) and experimental (ELS:WM, where the ELS:WM mixture 8:1 partially replaces SBM). Blood samples were collected at 7 and 21 days postweaning (PW). A chemistry analyzer was used to determine the plasma lipid (total cholesterol, T-Chol; HDL-cholesterol, HDL-C; triglycerides, TG), mineral and enzymatic profile. Microbial populations from fecal samples were determined by counting the colonies obtained on selected media. There was no effect of dietary mixture inclusion on plasma parameters at 7 and 21 days PW (P>0.05). The plasma HDL-C concentration was positively correlated with the alpha-linolenic (ALA) fatty acids content of diet at days 7 (r=0.94, P<0.0001) and 21 PW (r=0.89, P<0.0001), while at day 21 PW the T-Chol (r=0.52, P=0.08) and TG (r=0.54, P=0.07) tended to be influenced by the dietary treatment. Fecal score (FS) decreased at day 7 PW (P>0.05), and at day 21 PW a tendency to decrease FS as a response to dietary mixture addition was observed (P=0.07). The tested dietary mixture positively affected the microbial fecal populations by decreasing the Staphylococcus spp. (P=0.001), E. coli (P<0.0001) and fungi (P=0.004), also tended to increase the Lactobacillus spp. (P=0.08). In conclusion, the dietary mixture could be an alternative to partially replace SBM in piglet's diet due to positive biochemical response and intestinal health. A c c e p t e d M a n u s c r i p t
INTRODUCTION
The gut of piglets during weaning period is associated with changes of size, protein turnover rates, microbiota, digestive and immune function (Pluske et al., 1997) . As a result, plasma markers, as indicators of health status, could be altered as well. The stress-generating factors specific to weaning period slow the growth rate caused by high diarrhea incidence and imbalanced intestinal microecology (Giang et al., 2012) . Growth and disorders, weakness or high mortality rate are manifestations of the effect of immunity function, inappropriate adaptation of the thermoregulation system, incomplete digestive system development as well as secondary infections caused by pathogens. For example, enteric diseases that are often associated with different Escherichia coli bacteria cause 1.5-2.0% post-weaning mortality (Kiers et al., 2003; Jansman et al., 2007) . Many authors have shown that different protein sources or higher level of dietary proteins provide a substrate for pathogen A c c e p t e d M a n u s c r i p t bacteria to proliferate (Nyachoti et al., 2006; Hăbeanu et al., 2015) , causing watery feces (Wellock et al., 2008) and affecting the health and performance of piglets (Che et al., 2012) . Thus, the presence of by-products (e.g. linseed, walnut by-products) in the diet, with various combinations of phytonutrients and biologically active substances (n-3 fatty acid, FA; alpha-linolenic, ALA; antioxidants; lignans; dietary fiber) with beneficial effects on animal health, could offer benefits with respect to the control of diarrhea and feed efficiency in piglets.
Linseed is among the most known polyunsaturated fatty acid (PUFA) source which led to beneficial effect on health (Zhan et al., 2009 Due to the complementary effects, we propose as a solution a mixture of linseed and walnut meal (8:1) as an alternative to improve the energy, amino acids and fatty acid balance of the compound feed which could additionally be beneficial in minimizing some of the adverse effects of weaning stress period. Therefore, we aimed to investigate how this mixture influences certain plasma parameters and intestinal health.
MATERIALS AND METHODS
The trial procedures were approved by the Animal Care Committee of the INCDBNA Balotesti (Romania) and pigs were handled in conformity with EU Directive 2010/63/EU (OJEU, 2010).
Animals and diets
A total of forty weanling piglets Topigs [♀ Large White x Hybride (Large White x Pietrain) × ♂ Talent, mainly Duroc], average body weight (BW) 8.02±0.82 kg, age 30±3 days, housed in environmentally controlled conditions, were randomly assigned into 2 groups (male:female, 1:1) with 2 replicates each (10 piglets/pen). Piglets had free access to feed and water for all period.
Dietary treatments consisted from a control diet (C, based on corn-triticale-soybean meal (SBM)) and an experimental diet (ELS:WM, based on corn-triticale-SBM and a mixture of extruded linseed:walnut meal (8:1) that replaced 27.8% of SBM).
The gross chemical composition of dietary mixture ELS:WM used in this study was 910 g/kg dry matter, 274 g/kg crude protein, 143 g/kg crude fat, 156 g/kg crude fiber and 14.95 MJ/kg ME.
The diets were isocaloric and isonitrogenous, formulated based on corn, triticale, soy-bean meal, corn gluten, milk replacer, sun-flower oil, essential amino acids (L-lysine and DL-Methionine), choline premix, phytase and vitamin-mineral premix, according to nutrient requirements of pig's hybrid (Topigs, 2012).
The analyzed composition and fatty acid profile of diets are presented in Table 1 . As expected the experimental diet contained a high concentration (24.58%) of C18:3 n-3 and a ratio of 1.67:1 of LA:ALA as the results of dietary mixture addition.
Chemical analysis
The chemical composition of feed ingredients and diet samples was determined by standardized methods according to EU The fatty acids profile of feed ingredients and diets were determined by gas chromatography, as described Hăbeanu et al. (2014; 2015) .
Blood sampling and analysis
Blood samples were collected on days 7 and 21 post-weaning from 8 piglets per group (4 male and 4 female) by jugular venipuncture in heparinized vacutainer tu-A c c e p t e d M a n u s c r i p t bes (6 mL) and centrifuged (3000 rpm for 15 min) for plasma separation.
A chemistry analyzer (Spotchem EZ SP-4430, Arkray, Japan) and specific commercial kits were used to determine the plasma biochemical parameters (total cholesterol, T-Chol; HDL-cholesterol, HDL-C; triglycerides, TG; calcium, Ca; magnesium, Mg; inorganic phosphorus, IP; glutamyl oxaloacetic transaminase, GOT; glutamyl pyruvic transaminase, GPT; creatine phosphokinase, CPK; gamma-glutamyl transferase, GGT).
Faeces sampling and analysis
During the first week post-weaning samples of piglet feces were daily collected in Petri dishes, and stored at -4 °C until microbiological analyses (Hăbeanu et al., 2015) .
Fecal microbial populations (total fungi, Staphylococcus spp., E. coli, Lactobacillus spp., Salmonella) were determined on se-lected media using a colony counter. The results were expressed as a logarithm (base 10) of colony-forming units per gram of sample. For the calculation of the fecal score the consistency of piglets feces was evaluated visually daily according to a scoring system from 1 to 3 (1, soft feces; 2, mild diarrhea; 3, severe diarrhea). The incidence of diarrhea (%) was calculated as average number of days with diarrhea related to the total monitoring days (Hăbeanu et al., 2017).
Statistical analysis
The results are given as means and standard error of the mean (SEM). All experimental data were analyzed using the GLM procedure of the software SPSS (IBM SPSS Statistics version 20.0, 2011). One-way analysis of variance (ANOVA) with the Tukey's comparison test was used to evaluate statistical significance of differrences between the dietary treatments. A c c e p t e d M a n u s c r i p t Differences were considered significant at P≤0.05. The individual was considered as experimental unit in case of plasma biochemical analysis and replicate for the fecal parameter determinations. The bacterial counts were transformed (log10) before statistical analysis.
RESULTS AND DISCUSSION

Plasma biochemistry
The effect of dietary extruded linseed: walnut meal mixture (8:1) on plasma biochemistry parameters of weaned piglets is shown in 2011) , a decrease in the HDL fraction below this value is undesirable. In the current study, the HDL fraction was higher than 40% from the total cholesterol and was not affected by the dietary treatments at day 7 (45.14% ELS:WM vs. 41% C group), or at day 21 (49.72% ELS:WM vs. 50.61% C group).
In addition, the results of our study showed that the plasma HDL-Cholesterol concentration was positively correlated with the ALA fatty acids content of diet at days 7 (r=0.94, P<0.0001) and 21 post-weaning (r=0.89, P<0.0001), while at day 21 postweaning the T-Chol (r=0.52, P=0.08) and TG (r=0.54, P=0.07) concentration tend to be influenced by the ALA fatty acids content of the dietary treatment.
Recently, Gheorghe et al. (2018) reported that a dietary mixture consisted of extruded linseed:walnut meal (8:1) improved the growth performance and had a positive effect on plasma protein profile, especially on urea nitrogen of piglets in weaning period. The improvement in growth performance of piglets could be attributed to the anti-inflammatory properties of n-3 PUFA and bioactive compounds with benefits on health status contained by the tested dietary mixture. Plasma mineral and enzyme profile at days 7 and 21 PW (P>0.05) were not affectted by feeding with the dietary mixture, the concentrations being in normal range (Merck Veterinary Manual, 2010).
Intestinal health
The major cause of suboptimal production and mortality of piglets in the first 2 weeks after weaning is post-weaning diarrhea (Pluske et al., 2003) . Table 3 presented the effect of feeding extruded linseed:walnut meal mixture (8:1) on fecal scores (FS) and incidence of diarrhea (ID) in weaned piglets. Fecal score reflects the digestive health of piglets, a high score indicates high incidence of diarrhea (Wen et al., 2018) . In our study, fecal score was decreased by 10.71% at day 7 PW (P>0.05), and at day 21 PW it was observed a decreasing tendency by 17.05% FS as a response to dietary mixture addition (P=0.07). Consequently, the incidence of enteritis also decreased as a result of feeding with the dietary mixture, but the difference was not significant (P>0.05). These findings are partially consistent with previous studies of Hăbeanu et al. (2017) who reported that the use of dietary peas:linseed mixture (3:1) slowly increased (P>0.05) the bacterial count of feces and caused a higher incidence of diarrhea after 2 weeks post weaning compared to classical diet.
The effect of feeding extruded linseed: walnut meal mixture (8:1) on fecal microbial populations at 7 days post-weaning (log10 cfu/g) are given in Table 4 .
The results shown that dietary mixture addition positively affects the bacterial populations of the faces by decreasing the Staphylococcus spp., (-1.31%; P=0.001), E. coli (-5.27%; P<0.0001) and total fungi (-9.52%; P=0.004), and tend to increase Lactobacillus spp. (+6.84%; P=0.08).
It is known that Lactobacillus spp. is considered as a beneficial bacterium for the balance of intestinal microbiota, due to its health promoting effects such as prevention of diarrhea and intestinal infections. Therefore, our results showed an increase of Lactobacillus (P=0.08) and a decrease of E. coli (P<0.0001) in feces of weaned piglets and confirmed the reduced incidence of diarrhea as results of dietary mixture addition (Table 3 ).
CONCLUSIONS
The results showed that the addition of extruded linseed:walnut meal, 8:1 mixture in weaned piglets diets improve performance and had no significant effect on plasma lipid, mineral and enzyme profile, as important biomarkers of health status. Furthermore, the dietary mixture may be a viable solution to partially replace SBM in piglets' diet due to the positive biochemical response and intestinal health by improving the beneficial bacterial populations. 
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